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Extracts and essential oils from plant sources have always been a subject of interest to scientists for their biological 
activities and application in food, pharmacy and cosmetic industries. Here, we have explored the essential oil compositions 
and antimicrobial and antioxidant activities of the essential oil as well as the methanolic extract of Chalba tea, Dorystoechas 
hastata Boiss et Heldr. ex Bentham (Lamiaceae). Essential oil was isolated from the aerial parts by hydrodistillation and 
analyzed by gas chromatography-mass spectrometry. The main compounds were determined as eucalyptol (1,8-cineol) 
(25.47%) and borneol (20.06%). Phosphomolybdenum, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, 
hydrogen peroxide scavenging, β-carotene bleaching activity, ferric-ion reducing power (FRAP), reducing power and cupric 
ions (Cu2+) reducing antioxidant capacity (CUPRAC) assays were utilized to determine the antioxidant activity. D. hastata 
methanolic extract showed an effective total antioxidant, DPPH scavenging, cupric ions (Cu2+) and ferric ions (Fe3+) 
reducing activities. Essential oil and methanolic extract were evaluated for antimicrobial activity by the agar diffusion assay 
against 15 microorganisms. Methanol extract exerted antibacterial effect against all of the bacteria tested. Streptococcus 
pneumoniae was the most sensitive bacteria to extract while Aeromonas hydrophila was the most sensitive bacteria to 
essential oil. According to present results, D. hastata may be potential natural antioxidant and antimicrobial agent. 
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Reactive oxygen species (ROS) are inevitable 
byproducts of cellular respiration
1
. The ROS species 
attack lipids in cell membranes or DNA
2,3
. The most 
deleterious effect of ROS is “oxidative stress”
3
. 
Oxidative stress, originated from an increase in ROS 
production or from a decrease in the antioxidant 
defence, is characterized by the inability of endogenous 
antioxidants to counteract the oxidative damage on 
biological targets
3,4
. Oxidative stress is responsible for 
causing several diseases including cancer, autoimmune 
disorders, arthritis, atherosclerosis, diabetes, inflam-
mation, cardiovascular, neurodegenerative diseases, liver 
disease, ulcerative colitis and aging
4-7
. Antioxidants are 
substances that delay, prevent or remove oxidative 
damage to a target molecule
8
. They can interfere with 
the oxidation process by various mechanisms, 
including reacting with free radicals, chelating free 
catalytic metals and acting as oxygen scavengers
2
. 
Plants have been used to treat various illnesses, 
infections and even chronic diseases over thousands 
of years in the traditional medicine
9,10
. Plants are the 
significant source of phytochemicals such as alkaloids, 
flavonoids, phenolic compounds and tannins which are 
naturally occurring in plants
11
. They have numerous 
biological activities such as antioxidant, antimicrobial, 
antifungal and anticancer activities, etc. Thus, these 
compounds can retard oxidative degradation of lipids 
and extend shelf life of food
10,12-14
. The importance of 
dietary antioxidant intake in disease prevention has been 
reported in many researches. Therefore, the antioxidant 
capacity of natural products, particularly are used by 
people has raising interest
4,5
. 
Furthermore, food borne microorganisms are still 
issues of concern as they affect health and economy. 
Resistance to conventional antimicrobial regimes is 
also one of the issues of concern in healthcare. 
Because of antimicrobial resistance and relatively 
narrow spectrum of the antimicrobials, numerous 
investigations are focused on discovery of new natural 
antimicrobial especially from plants
10,12,15-17
.
Dorystoechas hastata Boiss. & Heldr. ex Bentham 
(Lamiaceae) is a tertiary relict monotypic plant, 
endemic to Antalya, Turkey
18,19
. Some of the 
Lamiaceae members have been called “mountain tea” 
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(Dağ çayı). However, Baytop
20
 reported that true name 
of D. hastata is chalba, commonly known as chalba tea 
(çalba çayı) around the province of Antalya. The tea 
prepared from their dried or fresh leaves is used in 
treatment of colds or flu in traditional medicine. Since 
ancient times, D. hastata has been known in China as a 
„„Super grade” medicinal herb. It has been various 
biological activities such as antispasmolytic, 
antiarthritic, cytotoxicity, sedative, tonic, and astringent 
activities. Their extract is also used in cases of 
hemorrhage, menstrual disorders and against 
miscarriages
21
. Although there are limited numbers 
studies on phenolic compounds of D. hastata
21-25
, 
detailed investigation on the antioxidant and 
antimicobial activities are lacking. Only, antioxidant 
activitiy of methanol extract of D. hastata were studied 




Hence, we conducted this study to (i) detect the 
main constituents of the volatile oil of Dorystoechas 
hastata Boiss & Heldr. ex Bentham (Lamiaceae); (ii) 
examine the antioxidant activity of methanol extract with 
different assays: Phosphomolybdenum, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging, β-carotene 
bleaching activity, ferric-ion reducing power (FRAP), 
hydrogen peroxide scavenging, reducing power and 
cupric ions (Cu
2+
) reducing antioxidant capacity 
(CUPRAC) assays; and (iii) determine the antimicrobial 
activity against 15 microorganisms.  
 
Materials and Methods 
 
Plant material 
Dorystoechas hastata Boiss. & Heldr. ex Bentham 
was collected from Antalya (Konya altı-Feslikan 





22'58''E, 1945 m) during flowering 
season in July 2015. The voucher specimen (Voucher 
no.: Aksoy2519) has been stored at the Erciyes 
University, Herbarium of the Biology Department. 
 
Extraction 
The aerial parts of D. hastata were dried at room 
temperature (about 25 °C) and crushed with a grinder. 
Grinded plants were extracted by a Soxhlet type 
extractor (Buchi, Switzerland) with methanol
26
. The 
extract was filtered through Whatman No. 1 filter paper 
and evaporated to dryness with a rotary evaporator 
(Rotavator, Buchi, Switzerland) (T<40°C). The extract 
was stored at 4°C after determining the yield.  
 
Essential oil 
Five hundred grams of grinded samples were 
submitted to steam distillation by a Clevenger-type 
apparatus with 5 L water for 3 h
26
. The yield of 
collected essential oil was measured and then dried 
over anhydrous sodium sulphate. Essential oil was 
stored at 4°C. 
 
GC/MS assay 
For identification of essential oil composition, gas 
chromatography/mass spectrometry (GC/MS)/quadropole 
detection assay using a Shimadzu QP 5050 system 
(Shimadzu, Duisburg, Germany) fitted with an FFAP 
(polyethylene glycol+2 nitrotere-phthalate) capillary 
column (50 m × 0.32 mm i.d., film thickness 1.2 μm) 
was used. The injector and detector temperatures were 
set at 240 and 250°C, respectively. Column temperature 
was kept at 120C for 1.0 min, then increased to 220°C 
at 2°C/min and kept for 20 min. Carrier gas was helium 
at a flow rate of 10 psi (split 1:10). The injection volume 
of the sample was 1.0 μL. The ionization energy was at 
70 eV. Qualitative analysis was based on comparison of 
retention times and mass spectra (Wiley, Nist and Tutor 
Libraries). The composition (%) of the essential oil was 





Investigation of total phenolics 
Folin-Ciocalteau method was used to determine of 
total phenolic content in methanolic extract
27
. About 
40 μL aliquot of the methanolic extract (1.0 mg/mL) 
was mixed with Folin-Ciocalteu reagent (200 μL) and 
20% sodium carbonate (600 μL). The solution was 
incubated for 2 h at room temperature. Absorbance 
measurements were performed at 765 nm by the 
spectrophotometer (Shimadzu UV-Vis 1240, Japan). 
The standard curve was formed with gallic acid. The 
assay was performed in triplicate. The results are 
mean values and expressed in terms of milligram of 
gallic acid equivalents (mg GAE) /g extract. 
 
Invesitgation of total flavonoids 
Aluminum chloride colorimetric assay was 
performed for detect of total flavonoids
28
. The extract 
(1.0 mg/mL, 0.5 mL) in methanol were mixed with 
1.5 mL of methanol, 0.1 mL of 10% AlCl, 0.1 mL of 
1 M potassium acetate and 2.8 mL of distilled water. 
The absorbances of the solutions were measured at 
415 nm. Total flavonoid content was expressed as mg 
of quercetin equivalents (QE)/g dry extract. 
 
Antioxidant activity assays 
 
Phosphomolybdenum assay  
The antioxidant activity of methanolic extract was 
assesses by phosphomolybdenum method
29
. About  
4 mL of reagent solution (28 mM sodium phosphate, 




0.6 M sulphuric acid and 4 mM ammonium 
molybdate) was added to the extract (1 mg/mL,  
0.4 mL) in methanol. The tubes were stored at 95C 
for 90 min. The absorbance was measured at 695 nm. 
The results were expressed as mg of ascorbic acid 
equivalents (AAE)/g extract.  
 
DPPH assay 
DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging 
activity of methanolic extract was evaluated
30
. About 
0.1-2 mg/mL concentrations of the extract were 
mixed with 0.1 mM DPPH solution, and the mixture 
was incubated at room temperature for 30 min  
and then absorbance was measured at 517 nm. IC50 
(the concentration causing 50% inhibition) value was 
determined. The results were compared to that of 









β-Carotene bleaching method 
Lipid peroxidation inhibitory activity of methanolic 
extract in β carotene-linoleic acid emulsion was 
assessed
31
. An aliquot of β carotene in chloroform 
was mixed with Tween 40 and linoleic acid. The 
chloroform was evaporated. Distilled water (50 mL) 
was added to the residue to form an emulsion. About 
0.2 mL of the extract (1.0 mg/mL) was added to 5 mL 
of the obtained emulsion. After the tubes were 
incubated at 50C for 2 h, the absorbance was 
measured at 470 nm. The same procedure for BHT 
(Butylated hydroxytoluene) was carried out. 
 
CUPRAC method 
The cupric ion reducing antioxidant ability of 
methanolic extract was detected
32
. The extract, 7.5 mM 
Neocuproine, 10 mM CuCl2 and 1 M NH4Ac buffer 
solutions were mixed. Then, total volume was 
completed to 4.1 mL and incubated for 30 min. The 
absorbance of solution was read at 450 nm. The same 
procedure for Trolox was carried out. 
 
FRAP 
Ability of the methanolic extract to reduce ferric 
ions was examined
33
. FRAP is based on the reduction 
of ferric 2,4,6-tris(2-pyridyl)-1,3,5-triazine [Fe(III)-
TPTZ] to the ferrous complex at low pH. FRAP 
reagent contains 20 mM FeCl3. 6H2O, 300 mM 
acetate buffer, and 10 mM TPTZ. The extract solution 
was mixed with FRAP reagent and stored during  
30 min at 37C and the absorbance was read at 595 nm. 
Fe
+3
 reducing antioxidant power of the extract was 




H2O2 Scavenging activity 
Different concentrations of the methanol extract 
(25-500 µg/mL) were mixed with 43 mM H2O2 
solution. The solution was incubated for 10 min and 
the absorbance was read at 230 nm
34
. The same 
procedure for gallic acid, BHA and BHT was carried 
out. Hydrogen peroxide scavenging ability was 





%Scavenged H O  %= 100
Abs
  
IC50 values were calculated graphically. 
 
Reducing power 
Various concentrations of the extract in methanol 
(0.5-10 mg/mL) were added to 2.5 mL of potassium 
ferricyanide [K3Fe(CN)6] and incubated at 50C for 
20 min. The solution was added to 2.5 mL of 
trichloroacetic acid and centrifuged at 3,000 rpm for 
10 min. The upper layer solution was added to  
FeCl3 (0.5 mL). The absorbance was measured at  
700 nm
35
. BHT was used as positive control. The  
high absorbance value reflects the high reducing 
capacity. 
 
Chelating activity on Fe
2+
 
Different concentrations of the extract in methanol 
(1-5 mg/mL) were mixed with 0.1 mL of FeCl2  
(2 mM) for 10 min. The reaction was initiated by 
adding 0.2 mL of ferrozine (5 mM). The absorbance 
was read at 562 nm
34
. The same procedure for 
ethylene-diaminetetraacetic acid (EDTA) was carried 
out. 









Antimicrobial activity assay 
The following microorganisms were used: 
Aeromonas hydrophila ATCC 7965, Yersinia 
enterocolitica ATCC 1501, Salmonella typhimurium 
NRRLE 4463, Listeria monocytogenes 1/2B, 
Escherichia coli ATCC 25922, Klebsiella 
pneumoniae ATCC 13883, Proteus mirabilis ATCC 
25933, Pseudomonas aeruginosa ATCC 27853, 
Bacillus cereus ATCC 11778, Methicillin resistant 
Staphylococcus aureus ATCC 43300 (MRSA), 
Streptococcus pneumoniae ATCC 10015, Salmonella 




enteritidis ATCC 13076, Candida albicans 10231, 
Aspergillus parasiticus DSM 5771 and Aspergillus 
flavus NRRL 3357. 
Agar-well diffusion method was performed to 
detect of antimicrobial effect of the extract
36
. Test 
bacteria, C. albicans and molds (A. parasiticus and  
A. flavus) were suspended in sterile nutrient broth, 
malt extract broth and patato dextro broth (Merck). 





 colony-forming units (cfu)/mL and placed in 
flasks containing 25 mL of sterile growth medium  
at 45°C and then poured into Petri plates (9 cm). The 
wells (5 mm in diameter) were cut from the agar. 
About 50 µL of the extract (30 mg/mL) was added to 
the wells. The methanol had no effect on the tested 
microorganisms. For antimicrobial effect of essential 
oil, the disc diffusion assay was used
37
. The disc  
(6 mm) applied essential oil (10 µL) was placed on 
the inoculated agar. Then, plates were incubated at 
25-37C for 24-48 h in the inverted position. The 
growth inhibition zones were measured in millimeters. 
Inhibition zones of standard antibiotics namely 
tetracycline (10 mg/mL), natamycin (30 mg/mL), 
ampicillin (AMP, 10 μg/disk), kanamycin (K, 30 μg/disk) 
and penicillin (P, 10 μg/disk) were compared. 
 
MIC and MBC 
The minimum inhibitory (MIC) and minimum 
bactericidal concentrations (MBC) were detected for 
microorganisms, which were defined as sensitive to 
the extract or essential oil in the agar well and disc 
difusion methods. MICs were assessed by the micro-
dilution method using the 96-well plates according to 
the Clinical and Laboratory Standards Institute 
(CLSI) and European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) recommendations
38
. 
The inocula of the microorganisms were adjusted  
to 0.5 McFarland standard turbidity. The extract  
and essential oil were adjusted at 30 mg/mL and  
2000 µg/mL in 10% dimethylsulfoxide (DMSO, 
Merck), respectively. Then, two-fold dilutions were 
made (3.9-30 mg/mL and 31.25- 2000 µg/mL 
concentrations, respectively). 95 µL of growth 
medium and 5 µL of the inocula were added into each 
well. The serial dilutions of the extract and essential 
oil were prepared. The last well not contain samples 
as a negative control. The plates were mixed on a 
shaker and incubated at 25-37C for 24 h. The lowest 
concentration that is not visible growth was identified 
as MIC. Minimum bactericidal concentration (MBC) 
was determined by subculturing from each negative 
tube and control. MBC was described as the lowest 
concentration that zero or only one colony was 
observed. 
 
Results and Discussion 
The percent yields of the methanol extract and 
essential oil obtained from Dorystoechas hastata were 
28.51% (w/w) and 1.4% (v/w), respectively. Total 
phenolic and flavonoid contents of methanol extract 
of D. hastata were 53.05±0.7 mg GAE/g extract and 
7.04±0.0 mg QE/g dry extract, respectively. GC-MS 
was used to detect phenolic composition of the 
hydrodistillated volatile oil obtained from D. hastata 
(Table 1). Thirty-six compounds constituting 100% of 
the total oil were determined. Eucalyptol (1,8-cineol) 
Table 1 — Composition of D. hastata essential oil 
Compounds RTb % 
aTricyclene 5.603 0.15 
α-Thujene 5.690 0.02 
α-Pinene 5.936 8.39 
Camphene 6.461 4.50 
β -Pinene 7.429 1.40 
1-Octen-3-ol 7.539 0.46 
β-Myrcene 7.881 7.82 
Phellandrene- α 8.559 0.10 
δ-3-Carene 8.664 . 0.79 
Terpinene -α 9.021 0.32 
Cymene <para-> & Cymol 9.376 0.77 
Eucalyptol (1,8-Cineol) 9.733 25.47 
Ocimene <(E)-, β -> 10.403 0.37 
γ -Terpinene 10.957 0.35 
Linalool oxide 11.575 0.07 
α-Terpinolene 12.348 0.33 
Dimethylstyrene < α -para-> 12.615 0.05 
LinalooI L 13.266 4.28 
α -Thujone 14.050 0.16 
Fenchyl alcohol 14.231 0.05 
Camphor 15.674 6.41 
Borneol 17.457 20.06 
4-Terpineol 17.861 0.68 
Cymen-8-ol <para-> 18.381 0.05 
α-Terpineol 18.823 1.67 
Bornyl acetate 24.365 5.15 
Carvacrol 25.952 0.48 
α -Copaene 30.219 0.11 
Caryophyllene 32.953 6.22 
α-Humulene 35.176 0.37 
δ-Cadinene 39.282 0.12 
Palustrol 42.240 0.11 
Caryophyllene oxide 42.851 0.15 
Guaiol 44.022 2.14 
β -Eudesmol 47.409 0.28 
Elemol -α 47.952 0.17 
Total  100 
[a Compounds listed in order of elution from a FFAP MS column; 
b Retention time (as minutes); and c The percentage composition 
was computed from the GC peak areas] 
 




(25.47%) and borneol (20.06%) were found to be the 
main compounds in the oil. It was followed by  
α-pinene (8.39%), β-myrcene (7.82%), camphor 
(6.41%), caryophyllene (6.22%), bornyl acetate 
(5.15%), camphene (4.50%), linalool L (4.28%) and 
guaiol (2.14%). The remaining twent-six compounds 
were at the range of 0.02 and 0.79%.  
 
Limited reports on phytochemical compositions of 
on D. hastata have been previously published. 
Luteolin, carnosol, luteolin-7-glucoside, rosmanol,  
6-methoxyluteolin-7-glucoside, chlorogenic acid and 
caffeic acid previously isolated from D. hastata 
leaves
22
. Diterpenoids and two norditerpenoids were 
determined from the roots of D. hastata growing wild 
in Southwestern Turkey by Ulubelen et al.
21
. 
Similar to our results, Baser & Öztürk
23
 have also 
studied essential oil compositions from different parts 
of D. hastata using various distillation techniques and 
detected 1,8-cineole, borneol, α-pinene, guaiolas and 
camphor main compounds in the essential oils. Kan  
et al.
25
 identified three main components in the 
essential oils isolated from different parts of 
cultivated D. hastata from Konya, Turkey. These 
compounds were guaiol (26.5 %) from the branch 
essential oil, 1,8-cineole (20.6%) from the leaf 
essential oil and borneol (15.0%) from the aerial 
parts, respectively. The major components of the 
flower and the leaves essential oils of D. hastata were 
also determined as myrcene, 1,8-cineole, β-pinene,  




In phosphomolybdenum assay, Mo (VI) is reduced 
to Mo (V) by the antioxidant compound. The total 
antioxidant activity of the extract was 445.13±0.8 mg 
AAE/g dry extract.  
In β carotene bleaching method, the oxidation of 
linoleic acid forms peroxyl radicals. Then, the formed 
free radical oxidizes and breaks down the β carotene. 
It loses the double bonds and therefore, its 
characteristic orange colour. The antioxidants in the 
extract can inhibit oxidation of linoleic acid and the 
formation of hydroperoxides
31
. The extract inhibited 
the bleaching of β carotene. Inhibition rate of  
β carotene by the extract was 65.81% and this value 
lower than that of BHT (84.26%) and BHA (94.33%) 
at 1 mg/mL. 
 
DPPH method to estimate the free radical 
scavenging effectiveness of the extracts has been 
widely used. DPPH assay show the hydrogen 
donating ability of the extract. DPPH scavenging 
capacity was defined as the percentage inhibition of 
the initial DPPH absorption by extract. Fig. 1 shows 
an increase in the percentage DPPH inhibition with 
increasing concentration. The methanol extract 
exerted high free radical scavenging activity.  
The inhibition values of the extract were 18.36,  
40.08, 89.16% 91.26 and 91.96% at 6.66, 8.3, 16.6, 
33.3 and 66.6 μg/mL concentrations, respectively. 
DPPH scavenging capacity of the extract was  
similar to BHT at 33.3 and 66.6 μg/mL (91.47 and 
92.15%, respectively). IC50 values of the extract and 
BHT were 8.69 µg/mL and 3.35 µg/mL, respectively. 
A low IC50 value means that antioxidant capacity  
is high. 
The CUPRAC method is based on the absorbance 
measurement of chromophore, Cu(I)-neocuproine 
chelate, formed as a result of a redox reaction of 
antioxidants with Cu(II) neocuproine reagent
40
. The 
D. hastata extract exerted high and concentration 
dependent CUPRAC activity. Absorbance values  
of the extract ranged between 0.015 and 3.07 at  
0.6-3 mg/mL. The value of the extract (2.80) was 
close to that of trolox (2.85) at 1 mg/mL (Fig. 2). 
 
 
Fig. 1 — % Inhibition values of Dorysstoechas hastata extract 




Fig. 2 — Antioxidant capacity of D. hastata extract by CUPRAC 
method 




The FRAP assay measures reduction of ferric iron 
(Fe
3+
) to ferrous iron (Fe
2+
) in the presence of 
antioxidants. D. hastata extract exerted the high 
FRAP activity with 4.18 mM/L at 2 mg/mL. This 
value was near to that of L-ascorbic acid (4.52 mM/L) 
at same concentration.  
D. hastata extract exerted concentration depended 
H2O2 scavenging activity (Fig. 3). H2O2 scavenging 
activity of the extract was 54.44% at 50 µg/mL. These 
values for BHT, BHA and gallic acid were 76.97, 
64.73 and 137.61%, respectively at the same 
concentration. IC50 values were 46.39, 31.09, 23.16 
and 17.62 µg/mL for D. hastata extract, BHT, BHA 
and gallic acid, respectively. The activities were in  
the following order: gallic acid>BHA> BHT> extract. 
D. hastata extract had a moderate H2O2 scavenging 
capacity. 
Because a compound exerts antioxidant activity, its 
reducing potential is significant. The extract showed 
concentration depend reducing capacity (Fig. 4). The 
reducing ability of the extract was higher than that of 
BHT at 2.5, 5 and 10 mg/mL. The ferrous ion (Fe
2+
) 
chelating activity of D. hastata extract was very low. 
The methanol extract exhibited 17.16% chelating 
activity on Fe
2+
at 5.0 mg/mL, considerably lower than 
that of EDTA (99.45%) at the same concentration. 
According to this result D. hastata extract have 
slightly iron binding capacity. 
 
Chlorogenic acid, carnosic acid, coumaric acid, 
ferulic acid, caffeic acid, rosmarinic acid, kaempferol, 
quercetin, carnosol and apigenin were determined in 
the extracts of D. hastata by HPLC-DAD analysis
24
. 
In the same study, petroleum ether, methanol and 
water extracts of D. hastata exerted significant 
antioxidant, DPPH radical scavengers and effective in 
inhibiting lipid oxidation. Total phenolic amount of 
D. hastata methanol extract was found as 147.3 mg 
GAE/g
24
, significantly higher compared to our finding 
(53.05 mg GAE/g).  
In another study, Karagözler et al.
41
 studied the 
antioxidant effects of the diethyl ether, ethanol, water 
and hot water extracts of D. hastata leaves using 
DPPH assay. Their IC50 values ranged from 6.17 to 
20.90 µg/mL. Also their total phenolic and flavonoid 
amounts were found as 191.67-554.17 mg GAE/g and 
24.21-69.34 mg RtE/g, respectively. In accordance 
with our result, authors stated that reducing activity of 




This is the first study to ensure information  
about detailed antioxidant effect of D. hastata extract 
determined by β carotene bleaching, FRAP, 
CUPRAC, H2O2 scavenging and chelating activity 
assays. D. hastata methanolic extract presented an 
effective total antioxidant, DPPH scavenging, cupric 
ions (Cu
2+
) and ferric ions (Fe
3+
) reducing activities. 
The results of the study for antimicrobial activities 
of the methanol extract and essential oil of D. hastata 
are summarized in Table 2. The methanol extract 
exerted a broad spectrum of antibacterial activity. 
Streptococcus pneumoniae was the most sensitive 
bacteria (27.0 mm) to the extract while E. coli was the 
most resistant bacteria (9.0 mm). The methanol 
extract exhibited bigger inhibitory zones against  
S. pneumoniae than tetracycline. The essential oil of 
D. hastata showed inhibitory effect on many of 
bacteria tested (Table 2). Essential oil had no 
antibacterial activity against Salmonella typhimurium, 
Staphylococcus aureus (MRSA), Proteus mirabilis, 
Pseudomonas aeruginosa and Salmonella enteritidis. 
Aeromonas hydrophila was the most sensitive 
bacteria (23.0 mm) to essential oil. The methanol 
extract and essential oil had no any antifungal 
activity. The methanol extract showed MIC and MBC 
in a range of <0.39-12.5 mg/mL. MIC and MBCs  
of the essential oil for bacteria were in the range of 
 
 
Fig. 3 — % Inihibition values of the D. hastata extract and 




Fig. 4 —Reducing power of methanolic extract from D. hastata 




0.25-1.0 mg/mL. It has previously been reported that 
D. hastata essential oil showed antimicrobial activity 
against E. coli, Acinetobacter baumanii, S. aureus,  
P. aeruginosa, C. albicans and Candida parapsilosis 
with MIC values of 0.019-6.25 µg/mL
42
. 
In the present study, the antibacterial and 
antifungal activities of the extract and essential oil 
obtained from D. hastata against wide range of 
bacteria and mold were determined. 
 
Conclusion 
Above results have demonstrated that the main 
compounds in the essential oil of D. hastata are 
eucalyptol (1,8-cineol) and borneol. The methanolic 
extract of D. hastata, endemic to Turkey (Antalya), 
possesses strong antioxidant properties. The phenolic-
rich extractof D. hastata exerted potential inhibitory 
effect on all bacteria tested. The essential oil of  
D. hastata showed antibacterial activity on many of 
bacteria tested. But, they had no antifungal activity. 
Overall, these observations suggest that D. hastata could 
be used as a potential natural source of antioxidant and 
antimicrobial compounds with broad spectrum in 
different industries such as food and medicine.  
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